Activation of the plant defense arsenal is believed to be receptor-mediated through recognition of pathogen-derived elicitors (Yang et al. 1997 , Scheel 1998 . Receptor activation initiates an intracellular signal transduction cascade which leads to stimulation of a characteristic pattern of plant defense responses, comprising hypersensitive cell death, transcriptional activation of defense-related genes, local cell wall reinforcement, production of reactive oxygen intermediates, lytic enzymes, and antimicrobial phytoalexins as well as establishment of systemic acquired resistance (Hammond-Kosack and Jones 1996, Somssich and Hahlbrock 1998) .
Structurally diverse fungus-derived elicitors comprising (glyco)proteins, peptides, and oligosaccharides have been shown to trigger defense responses in intact plants or cultured plant cells. Plant receptors for such elicitors appear to reside preferentially in the plasma membrane (Niirnberger 1999) . Different experimental systems have been used to comprehensively study early elicitor-induced plant cell responses. Cell suspensions of tobacco (Bourque et al. 1998 , Yano et al. 1998 , tomato (Felix et al. 1993 , Xing et al. 1996 , rice (Kuchitsu et al. 1997) , soybean (Levine et al. 1994 , Chandra and Low 1997 , Delledonne et al. 1998 , Mithofer et al. 1999 , carrot (Schwacke and Hager 1992, Bach et al. 1993 ) and parsley (Niirnberger et al. 1994 , Kauss and Jeblick 1995 , Jabs et al. 1997 , Ligterink et al. 1997 ) have been employed to analyze immediate responses of plant cells to treatment with non-race-specific elicitors. In addition, tobacco plants transformed with the tomato resistance gene, Cf-9, and cell cultures established from these transgenic plants were used to analyze early elicitor-induced reactions of plant cells to the race-specific elicitor, AVR9, from Cladosporium fulvum (May et al. 1996 , Piedras et al. 1998 .
In most of the experimental systems investigated elicitor-stimulated ion fluxes concurringly comprise influxes of Ca 2+ and H + as well as effluxes of K + and Cl (Scheel 1998) . Accordingly, elevated levels of cytoplasmic Ca 2+ (Knight et al. 1991 , Chandra and Low 1997 , Mithofer et al. 1999 ) and cytoplasmic acidification (Mathieu et al. 1996 , He et al. 1998 ) have been monitored in challenged cells. Extracellular Ca 2+ appears to be crucial to induction of plant pathogen defense as absence of extracellular Ca 2+ , or use of Ca 2+ channel blockers did not only inhibit the targeted ion flux but also plant defense reactions in cultured cells of tobacco or parsley (Niirnberger et al. 1994 , Tavernier et al. 1995 , Jabs et al. 1997 , Pugin et al. 1997 , Zimmermann et al. 1997 . Further constituents of signaling cascades mediating activation of plant pathogen reactions comprise reactive oxygen species (ROS) (Lamb and Dixon 1997) , nitric oxide (Delledonne et al. 1998) , lipid-derived metabolites (Chandra et al. 1996 , May et al. 1996 , GTPbinding proteins (Bischoff et al. 1999) , serine/threonine protein kinases and phosphatases (Scheel 1998, Schenk and Snaar-Jagalska 1999) , and MAP kinases (Jonak et al. 1999) .
While these early elicitor-induced responses have been individually studied in numerous experimental systems, much less is known about the sequential order of these responses, their interdependence, and their role in the activation of distinct parts of the overall response of challenged plant cells (Scheel 1998) . In addition, it has become increasingly clear that different elicitors may inaugurate independent signal transduction pathways that employ distinct sets of second messengers (Chandra et al. 1996 , Scheel 1998 .
We have previously reported that treatment of cultured parsley cells with elicitor preparations derived from different Phytophthora species results in transcriptional activation of defense-related genes as well as production and secretion of furanocoumarin phytoalexins Hahlbrock 1986, Hahlbrock and Scheel 1996) . Here we show that proteinaceous cell wall constituent(s) from the parsley pathogen, Phytophthora parasitica, activate a qualitatively similar spectrum of defense responses as the well-characterized oligopeptide elicitor Pep-25 derived from Phytophthora sojae (Niirnberger et al. 1994 , Hahlbrock et al. 1995 , Scheel 1998 . Pronounced elicitorspecific differences in response kinetics and intensity suggest activation of a signaling cascade through separate perception systems.
Materials and Methods
Plant cell culture, oomycete growth, and treatment of cells with elicitors and inhibitors-Cell suspension cultures of Petroselinum crispum were propagated in the dark as previously described (Kombrink and Hahlbrock 1986) . Protoplast preparation 5 d after subculturing, treatment with elicitor for 24 h, and quantification and thin-layer chromatographic analysis of furanocoumarins were performed according to Dangl et al. (1987) . Cell viability was determined by double staining with fluorescein diacetate and propidium iodide (Jabs et al. 1997 ). Establishment of aequorin-transgenic parsley cell lines, reconstitution of active aequorin with coelenterazine and monitoring of bioluminescence was performed as described (Blume et al. 2000) . Phytophthora parasitica strain 1828 was obtained from the German Collection of Microorganisms (Braunschweig, Germany). P.parasitica and P. sojae (race 1) were grown on agar plates or in liquid medium (Kombrink and Hahlbrock 1986 ). Pp and Ps-elicitor were prepared from hyphal cell walls (Ayers et al. 1976 ). The oligopeptide elicitor, Pep-25, was synthesized using Fmoc-chemistry (Nennstiel et al. 1998) . A-9-C, DPI and IDP were applied as stock solutions dissolved in dimethyl sulfoxide (final solvent concentration, 0.1 % * v/v).
Proteinase treatment of elicitor-Aliquots of Pp-elicitor containing 1 mg ml" 1 freeze-dried material were treated with 1 mg proteinase E or trypsin in 10 mM potassium phosphate, pH 6.5, 150 mM sodium chloride for 1 h at 26°C. The Pp-elicitor without added proteinase or with autoclaved proteinase was treated in the same way. After treatment samples were autoclaved to inactivate the proteinases. The samples were then added to parsley protoplasts at concentrations equivalent to 100 fig ml" 1 starting elicitor material.
RNA gel blot analysis-Total RNA from parsley cells was prepared as described (Dangl et al. 1987 ) and denatured with formaldehyde. RNA samples (15 fig) were electrophoresed in agarose using 3-(./V-morpholino)propanesulfonic acid-EDTA buffer and transferred to nylon filters. UV crosslinking of RNA to the filter, prehybridization and hybridization were carried out according to Kawalleck et al. (1993) . Digoxigenin-labeled cDNA probes were prepared by random prime labelling as described in the supplier's instruction (Boehringer Mannheim, Germany). RNA/DNA hybrids were visualized using a Storm 860 phospho imager (Molecular Dynamics, Sunnyvale, California).
Analysis of ion fluxes, ROS production, and MAP kinase activity-Ion concentrations were determined using ion-selective electrodes for H + , K + , and Cl or by monitoring the uptake of 45 Ca 2+ (Niirnberger et al. 1994 ). Quantification of elicitor-induced production of superoxide anions and hydrogen peroxide was carried out as described (Jabs et al. 1997) . Parsley cytosolic proteins were extracted in extraction buffer at the times indicated (Ligterink et al. 1997 ). Proteins were separated by SDS-polyacrylamide gel electrophoresis. Myelin basic protein (0.5mgml ] ) polymerized into the gel was used as kinase substrate. Protein renaturation and kinase reactions were carried out in-gel using [y-32 P]adenosine 5-triphosphate (ATP) (Jonak et al. 1996) . Immunoprecipitation of MAP kinase from parsley cell extracts was performed as described (Ligterink et al. 1997 ) with a polyclonal antibody raised against a synthetic peptide representing the C-terminal 10 amino acids of alfalfa MMK4 MAP kinase (Jonak et al. 1996) .
Results
Defense-related gene activation and phytoalexin production-Treatment of cultured parsley cells or protoplasts with heat-released water-soluble cell wall fragments from the oomycete, Phytophthora parasitica, (Pp-elicitor) resulted in production and secretion of furanocoumarin phytoalexins. The total measurable amount of furanocoumarins was strongly dependent on the amount of elicitor added. The elicitor concentration necessary for half-maximal or maximum stimulation of phytoalexin formation in parsley protoplasts was 60//gmP 1 or 100 jug ml" 1 , respectively. Corresponding concentrations of a P. sojae-derived cell wall elicitor (Ps-elicitor) were 2.2 or 10/ugml 1 , respectively (data not shown). However, total amounts of phytoalexins produced in response to Pp-elicitor reproducibly represented approximately 60% of those produced in response to treatment with Ps-elicitor or Pep-25, respectively ( Fig. 1) . Production of furanocoumarins increased linearly between 10 and 30 h after addition of elicitor. Parsley protoplasts remained viable for more than 50 h after the onset of elicitor treatment.
To examine whether Pp-elicitor activates the same defense-related genes as does the P. sq/ae-derived oligopeptide elicitor, Pep-25, total RNA prepared from elicitor-treated parsley cells was hybridized with digoxigeninlabelled cDNAs encoding phenylalanine ammonia lyase, 4-coumarate:coenzyme A ligase as well as the product of elil2, an elicitor-responsive gene of unknown function (Somssich et al. 1989 ). Fig.2A shows that both elicitors indistinguishably induced expression of these genes. Messenger RNA levels of a constitutively expressed polyubiquitin gene from parsley (Kawalleck et al. 1993 ) were unaffected by elicitor treatment. Thin-layer chromatographic analysis of furanocoumarins secreted by parsley cells 24 h after addition of elicitor revealed that both elicitors stim- Proteolytic digestion of the Pp-elicitor by proteinase E or trypsin resulted in a 96% or 88% reduction in elicitor activity, respectively, indicating that proteinaceous components are the elicitor-active structures within the cell wall of this oomycete (Table 1) . Proteinase activity was completely inactivated by autoclaving the elicitor samples after treatment, ruling out adverse effects of the enzyme activity on parsley cell wall or plasma membrane proteins.
Activation of ion fluxes-Changes in permeability of the plasma membrane to H + , Ca 2+ , K + and Cl are among the earliest events detectable after treatment of parsley cells with both, Pp-elicitor and Pep-25 (Fig. 3) . Stimulation of H + , K + and Cl~ fluxes took place within 2-5 min after application of either elicitor (Fig. 3A-C) . Net changes in ion concentrations were observed up to 30 min after addition of elicitor. At elicitor concentrations required to maximally activate ion fluxes and phytoalexin formation in parsley cells Pp-elicitor proved less efficient than Pep-25 with respect to activation of ion fluxes [35% (H + ), 65% (K + ), 70% ( C l ) at 30 min after addition of elicitor]. Ca 2+ uptake into parsley cells was stimulated within 2-5 min by either elicitor and lasted for about 15 min (Fig. 3D) . Again, although phytoalexin response-saturating concentrations of either elicitor were used, Pp-elicitor stimulated only 30% of the increase in cell-associated Ca 2+ when compared to Pep-25.
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Fig. 1 Dose-response relationship of elicitor-induced phytoalexin production. Increasing concentrations of Pp-elicitor or Pep-25, respectively, were used to stimulate phytoalexin production in parsley protoplasts. Fluorimetric quantification of phytoalexins produced was performed 24 h after onset of treatment. Maximum phytoalexin production (100%) refers to that amount of which production was stimulated by 500 nM Pep-25. Each data point represents the average of triplicates. Furanocoumarin phytoalexin production in elicitor-treated parsley protoplasts was determined 24 h after application of 100 fig  ml" 1 Pp-elicitor. For protease digestions, 1 mg of Pp-elicitor was treated with 1 mg of proteinase E or trypsin in PBS buffer (10 mM potassium phosphate, pH 6.5, 150 mM sodium chloride). Samples were subsequently autoclaved to inactivate proteinases. , or 100 nM Pep-25 (lanes 3), respectively. Total RNA isolated from parsley cells treated for 3 h with elicitor or water was separated electrophoretically, transferred to nylon membranes, and subsequently hybridized to digoxigenin-labeled cDNAs complementary to mRNAs encoding polyubiquitin (ubi4), 4-coumarate:coenzyme A ligase (4cl), phenylalanine ammonia lyase 2 (pal2), and elicitor-responsive elil2. DNA/RNA hybrids were detected by fluoro imaging. Furanocoumarin phytoalexins were extracted from the culture medium of parsley cells treated for 24 h with either water or elicitor and analyzed by thin-layer chromatography. Cochromatography of standard compounds is indicated (B, bergapten; P, psoralen; I, isopimpinellin; X, xanthotoxin; U, umbelliferone; M, marmesine; S, start; F, solvent front).
Elevation of cytoplasmic free calcium-In parsley cell lines stably expressing aequorin an elicitor-induced increase in cytosolic Ca 2+ could be monitored (Fig. 4) did not restore responsiveness of parsley cells, thus indicating that extracellular Ca 2+ rather than divalent cations in general are required for activation of this plant defense in response to elicitor. ROS production also proved to be sensitive to extracellular Ca 2+ -depletion (data not shown). Consistently, chelation of extracellular Ca 2+ by 4mM BAPTA administered at different times upon elicitation immediately abolished the Pp-elicitor-induced elevation of the cytoplasmic Ca 2+ concentration (Fig. 5B ) and ROS production, suggesting elicitation of pathogen defense reactions to be strictly dependent on Ca 2+ influx via plasma membrane channels.
Anion channel activity-Anthracene-9-carboxylate (A-9-C, 100 IUM), an anion channel blocker previously shown to inhibit ion fluxes and phytoalexin production in parsley cells treated with Ps-elicitor (Jabs et al. 1997 efficiently prevented phytoalexin production in parsley cells treated with either Pep-25 or Pp-elicitor, respectively. A-9-C also completely inhibited extracellular alkalinization and Ca 2+ uptake induced by both, Pp-elicitor and Pep-25 (not shown). Similarly, Ca 2+ channel inhibitors La(NO 3 ) 3 and GdCl3 blocked elicitor-induced phytoalexin production at concentrations which did not affect viability of parsley cells. IC 50 values obtained for these compounds were 100 /iM and 110/iM La(NO 3 ) 3 , and 60 ^M and 65 jM GdCl 3 in parsley cells treated with either Pp-elicitor or Pep-25, respectively.
Production of ROS-Production of reactive oxygen species is frequently observed in pathogen-infected plants as well as in elicitor-treated plant cell suspensions or protoplasts (Lamb and Dixon 1997) . Addition of Pp-elicitor or Pep-25 to parsley cells resulted in rapid, but transient generation of hydrogen peroxide (Fig. 6A) . Increasing levels of extracellular hydrogen peroxide could be detected as early as 4 min upon addition of either elicitor, which peaked at about 15-20 min and subsequently declined to lower levels. As observed for other cellular responses as well, the Pp-elicitor stimulated only part of the ROS (approximately 40%) as compared to Pep-25 (Fig. 6C/D) . Maximum concentrations of extracellular hydrogen peroxide were 8 and 20 /uM in parsley cells treated with Pp-elicitor or Pep-25, respectively. As shown in Fig.6A use of Pp-elicitor treated with trypsin prior to addition to parsley cells abolished generation of extracellular hydrogen peroxide.
Superoxide anions generated by a plasma membrane NADPH-dependent oxidase are assumed short-lived biosynthetic precursors for hydrogen peroxide production in elicited plant cells (Lamb and Dixon 1997) . Inhibition of hydrogen peroxide formation by the superoxide dismutase inhibitor, sodium diethyldithiocarbamate (DDC), in elicited parsley cells should thus result in accumulation of superoxide anions. In the presence of DDC, superoxide anions accumulated in parsley cells treated with either elicitor with similar timing and to the same extent as hydrogen peroxide (not shown). In addition, diphenylene iodonium (DPI), a suicide substrate inhibitor of mammalian NADPH oxidase (Babior 1992) , strongly inhibited the elicitor-in- . Neither DPI nor IDP treatment affected cell viability and elicitor-induced extracellular alkalinization and Ca 2+ influx (data not shown). However, inhibitors of elicitor-induced ion fluxes, such as A-9-C, La(NO 3 ) 3 and GdCl 3 , blocked Pp-elicitor or Pep-25-stimulated oxidative burst at comparable concentrations as were required for inhibition of proton and Ca 2+ influx as well as phytoalexin production (see above). Taken together, these data suggest that reactive oxygen intermediates generated in response to elicitor treatment are involved in transmitting the elicitor signal, but themselves require elicitor-activated ion fluxes for their generation and physiological function.
Activation of a MAP kinase-A protein kinase that phosphorylated myelin basic protein (MBP) was activated within 5 min after treatment with Pep-25 and within 10 min after treatment with Pp-elicitor (Fig. 7A) . In either case kinase activation was very transient and declined to nearly background levels within 40 min upon elicitation. To test whether the elicitor-responsive kinase belongs to the class . Parsley cells were harvested by filtration, washed extensively with Ca 2+ -free medium, and adjusted to a density of 60 mg of cell fresh weight ml' 1 in either Ca 2+ -containing ( + Ca 2+ ) or Ca 2+ -free (-Ca 2 + ; Ca 2+ replaced by Mg 2+ ) culture medium 30 min before addition of lOOyUgml ' Pp-elicitor or 100 nM Pep-25, respectively. Phytoalexin production was quantified 24 h after onset of treatment. Cultured parsley cells stably transformed with aequorin were treated as described in legend to Figure 3 . Chelation of extracellular Ca 2+ was initiated by addition of 4 raM BAPTA at the times indicated (arrows). Cytoplasmic Ca 2+ concentration in transgenic parsley cells treated with lOO^gmP 1 Pp-elicitor (-) or Pp-elicitor and BAPTA (-), respectively. of MAP kinases an antiserum raised against an alfalfa MAP kinase was employed for immunoprecipitation assays. Proteins precipitated from cell extracts of elicited as well as non-elicited parsley cells were subsequently examined for MBP-phosphorylating activity. As shown in Fig. 7B a MAP kinase activity was detectable exclusively in extracts from elicitor-treated parsley cells. Inhibition of the elicitor-induced MAP kinase activation by A-9-C but not by DPI (Fig. 7A ) strongly suggests that this enzyme acts downstream of the elicitor-responsive ion channels but independently or upstream of the oxidative burst. 1 Pp-elicitor (•), or 100 nM Pep-25 (•), respectively. A dose-response relationship of elicitor-induced ROS production was performed using increasing concentrations of Pp-elicitor (C) or Pep-25 (D), respectively. Maximum phytoalexin production (100%) refers to that amount of which production was stimulated by 500 nM Pep-25. Each data point represents the average of triplicates.
Discussion
Here we report that proteinaceous constituents of the cell wall of P. parasitica stimulate production of the same furanocoumarins as does a 25-mer fragment of a P. sojaederived 42-kDa cell wall glycoprotein (Niirnberger et al. 1994) . Moreover, Pp-elicitor induced qualitatively the same early cellular responses as did Pep-25, such as elevation of cytoplasmic [Ca 2+ ] (Blume et al. 2000) , Ca 2+ and H + influxes, effluxes of K + and C P ions, production of ROS (Niirnberger et al. 1994) , post-transcriptional activation of a MAP-kinase pathway (Ligterink et al. 1997) , and transcriptional activation of defense-related genes (Niirnberger et al. 1994) . These early induced responses are assumed to contribute to signal transmission during activation of the plant's defensive arsenal.
Using pharmacological effectors a sequential order of early Pp-elicitor-induced responses could be established. Our studies revealed that extracellular Ca 2+ , Ca 2+ channel activity, and ROS are essential for elicitor-induced transcript accumulation of defense-related genes and phytoalexin production. Extracellular Ca 2+ was further shown to be required for activation of the oxidative burst. In addition, PP-elicitor stimulated Ca 2+ -dependent MAP kinase activity in parsley cells. Suppression of the elicitor-induced oxidative burst by DPI did not affect MAP kinase activation, indicating that the MAP kinase pathway acts either upstream or independently of the oxidative burst. These studies support observations in many systems which ascribe a pivotal role to Ca Pp-elicitor in the presence of DPI or the ion channel inhibitor, A-9-C, respectively. Inhibitors were applied 30 min prior to addition of elicitor. (A) In-gel protein kinase assay. Cell extracts were prepared at the times indicated. Gelelectrophoretic separation, renaturation of protein kinase activity and protein kinase activity assays with myelin basic protein (MBP) as substrate were performed as described in Materials and Methods. (B) Immunoprecipitation of an elicitor-responsive MAP kinase. At the times indicated extracts were prepared from parsley cells treated with water as control, 100 nM Pep-25, or 100 jug ml" 1 Pp-elicitor, respectively. Immunoprecipitation of MAP kinase activity, phosphorylation of MBP with [y 32 P]ATP, and gelelectrophoretic separation of phosphorylated MBP were performed as described in Materials and Methods. Phosphorylated MBP was visualized by phospho imaging.
responses (Yang et al. 1997 , Scheel 1998 . Series of gainand-loss-of-function experiments have almost invariably revealed that Ca 2+ influx is essential for activation of plant pathogen defense (Bach et al. 1993 , Nurnberger et al. 1994 , Tavernier et al. 1995 , Levine et al. 1996 , Kuchitsu et al. 1997 , Mithofer et al. 1999 . Requirement of reactive oxygen species for activation of defense-associated responses has been shown for activation of pathogen defense in parsley (Jabs et al. 1997) as well as for induction of lesion formation and PR-1 mRNA accumulation in the Arabidopsis Isdl mutant (Jabs et al. 1996) . In contrast, activation of plant defense reactions in soybean (Levine et al. 1994) , tobacco (Rusterucci et al. 1996) , or rice (He et al. 1998 ) is independent of the observed elicitor-stimulated production of reactive oxygen species. The physiological role for ROS in these systems may instead comprise oxidative crosslinking of the cell wall in order to prevent pathogen ingress and spread (Lamb and Dixon 1997) .
Increasing evidence suggests a role for MAP kinases as components of signal transduction cascades mediating pathogen defense activation in plants (Jonak et al. 1999 ). Pathogen and elicitor-stimulated MAP kinase activity has been reported in tobacco (Suzuki and Shinshi 1995 , Adam et al. 1997 , Zhang et al. 1998 , tobacco expressing the tomato resistance gene, Cf-9 (Romeis et al. 1999) , and parsley (Ligterink et al. 1997 , this study). However, in neither case could it be demonstrated that elicitor-inducible MAP kinase activity is essential for activation of pathogen defense responses in these plants. Recently, elicitor-specific differences in activation kinetics of a salicylate-responsive MAP kinase were reported from tobacco cells (Zhang et al. 1998 , Suzuki et al. 1999 . Trichoderma v/r/cfe-derived xylanase was shown to induce slow and prolonged activation, while Phytophthora-derived elicitins triggered a rapid, but also rather sustained activation of the enzyme. Interestingly, all of these elicitors stimulated hypersensitive cell death in tobacco cell suspensions. In addition to suggesting a central role of MAP kinase activity during initiation of pathogen defense, this also exemplifies that distinct receptors mediate generation of stimulus-specific, temporally defined enzyme activity signatures. These may, subsequently, facilitate elicitorspecific activation of a complex plant defense response, which comprises common elements, such as HR, but also likely differs in activation of other defense responses, such as production of ROS, ethylene or defense gene activation. As Suzuki et al. (1999) anticipate it will be challenging to ascribe different phases of such activity profiles to activation of signal-specific reactions in overall defense responses of plant cells.
Pronounced differences in response amplitude or intensity, and to lesser extent in response kinetics, could be observed between the two elicitor preparations tested for activation of plant defense responses in parsley. The total amount of phytoalexins produced upon treatment with Pp-elicitor never exceeded two-third of that induced by Pep-25, even when applied at concentrations tenfold higher than those required to stimulate maximum phytoalexin production. The most immediate response of parsley cells to elicitor treatment is an increase in the cytoplasmic Ca 2+ content, which was proven to originate from the cell exterior (Blume et al. 2000) . Concomitantly, elicitor treatment led to enhanced Ca 2+ influx into parsley cells. Elevation of cytoplasmic Ca 2+ levels in response to Pp-elicitor was 4 fold, while 6-7 fold in response to Pep-25. In addition, striking differences in the Ca 2+ signature induced by either elicitor point towards the existence of different pathways for its activation. Elicitor-specific differences regarding the extent and intensity of elicitor-induced proton influx, efflux of K + and Cl~, and production of ROS were consistently detected as well. Moreover, although less pronounced than differences between the elicitors with regard to response intensities elicitor-specific differences in induction kinetics of ion fluxes, oxidative burst and MAP kinase activation were evident. Activation of early responses of parsley cells by Pp-elicitor was reproducibly delayed as compared to activation by These quantitative differences observed between both elicitors suggest that different extracellular, pathogen-derived proteinaceous signals target distinct ligand binding sites at the plant cell, which subsequently integrate intracellularly generated signals into a conserved signal transduction cascade. However, the possibility of two discrete ligand binding sites at the same receptor cannot be ruled out yet. Generally, this scenario is reminiscent of the responses of suspension-cultured tomato cells to treatment with elicitors of plant defense responses, such as fungusderived glycopeptides (Felix et al. 1991) , chitin fragments (Felix et al. 1993) , ergosterol (Granado et al. 1995) , bacterial xylanase (Enkerli et al. 1999) , or flagellin . For some of these elicitors it was found that they are recognized by different plasma membrane receptors .
